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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a pipeline diagnostic 
method, a pipeline 

diagnostic system, and pipeline-mounted equipment that all 
locate a breakage in 

a pipeline with less instrumentation and in a short period 
even if the target 
pipeline is empty. 

SOLUTION: The pipeline diagnostic system comprises a 
sound generating means. 
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or a speaker 12 and a speaker drive 15^ for generating 
sound waves artificially 

within a pipeline 1 to be diagnosed at its diagnosis 
section 5 with both ends 

partitioned off by sound reflectors 4a and 4b; a pair of 
microphones 13 and 14 

spaced from each other within the diagnosis section 5; and 
a pipeline breakage 

computing means, or A/D converters 16a and 16b, a space 
transfer function 

measuring device 17 and a pipeline breakage computer 18, 
for measuring the 

properties of the sound waves inside the pipeline 1 from 
the in-pipe sound 

pressure the microphones 13 and 14 detect and computing at 
least the location 

of a pipeline breakage from the measured properties. 
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[if*«21|triei^lSrlEraiO-^ffljfi^TtiIIB#S^A 

mix. mm(r)mimm\^iz±ii]m<on^x' 

f!icr)^mAxmzm.^-^ix oizifizt mmt 
^i>fs^4 iztmc^mmmum. 

^:tt«*>f.ij'^^:< b hm'mmwmm.m^Mtii-mz 

W(.<^=^mAj:mizm.^-^t^j:oizLtzzbmmb 
i-hmi^m4 izsm<m'mmifm. 

t:mi't>'j'^^j:< b hw/mm.mmm.mi:Miiiti>^z 

ISUt, H51EiE'i=*stSTtcfflia§a-CVM,i:§a±, IK 

mmmmi^^tx\^^mT^mi,zx r,x±tt:m 
mmpi^i&T^mmm^i. 'j'^^j:<bhmm 
mco&mnib Lx\^izb mm tmm 1 1 

co*jifw%&ic{i. miRmi^bix±Mi^m.mizH 



(2) Ifra^l 1-2 7 0800 

2 

$tiTV^l,M^:^S-aLTBiilfi^»rlE^[*ltci2SLTV> 
hzb mm-thWm 1 tclBSicoil^^llir:^, 

^^nmhmmm%^^m\.xy<^hz.b^m.b 

thm^-^2,\,z%mr>wmmnm. 

m-m\^\wm^btt:h-m\,zwmm:%^. 

iesTOMer^ffia^mffi-ri. lo^zuzzb ^^b 

0(ciBK<^@£«f^:^S. 

20 {zm.Lx.mi-^^^utsvx-m^^ixtimn^mi^h 

\^x'}^-ts:< b \,-^m^<m3mh<nm.^m.^\^x\^-h 
z.b-km.b'^hwmm ^^.ztmmmmwm. 

•^<r>imm<^^^z\i^ mim3>mb\.xm-mm\.z 
#m$tLTv^sf±«j#^fflv\ mmm.^n,zmm. 

la^jiftif+^s^tt \^h\^-)<m:m\.xmimwm 
Hzm.\^x\^hzb-^mm'tm-m\ (^\zwm 
30 wsm-y^^. 

mmiA\m^zm.^tix\^mm%bts:h^ 

}L%mwmuzn'^m.-y]^-^^h%%^m. 

40 fzmti:-fm-km^xm^m\z<^hhm%mM^W) 

cis^Riai 5\%'m\,znm-^<rm^^m^-thtz^ 
(nrnxh-yx. wmw^btsihw^x\ mm^^im 
ts:m\if^mi:>iitzm.^w\xKm^zm.-^mL 
^^h^Wi&.^nb. mitwmmizmm.w&fi 

50 !ttt«*''^.^i'^:<ttiIl-K«fflWcoaSSr^ai-f?.i! 
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lit- i^mm^^^s^-mmn^mtrm.^-^xis 

b hmmmm\mmM.iMiiiix\^i,:.bt:m 
b ti n^JS 1 5 tie«wii'Si^iiT^ia. 

\^^:ib-&m.b-fhmmi 5\.zm.(m'^wm^ 
s. 

Bg^^ii.sp^i;j: ->x±\:.tzm%m.m^hmT^m 
(r>mmx'h-ox, BmMib^j:!^mx. MS^^'-t^w 

m{*2:^$-ti:l>m*E^¥gt, frie^SfrKSrtt 
SiraSB$*T.TfrfE^*Etc J: oTiS'f iKa«*>^.f6 

h-?^ ^'o*yT'1^ffi§ti^'tl*ItE*-4>'ir[^^S?SO 

mmmiMtatimmmmntamb sr^fiiL 
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4 

[|«^JB2 3 3 mTizmi^tix\^?>mmiz\>^m<^ 
(^msi'^wii-ifzifx^mx-h'^x. mnskb^j:i> 
mx. mmmmmzX'^xitwi^tifcBms.mmz 
ssss.^:^^^-^^^»Em.^^b. mi^mz^zJ: 
-yxmmmmr/)^hm.thmmm±mf§m 
Lxminthm'smm-tyfb. te^ntciei^it^ 
'j'-^j:<bi,-mimmsm-ty^b. ztit^mm 
10 tma-by^<Diii:hm^'hmimmt^my^X''i% 
htifzmbmh *) m M'^m^mmmmx 
^ix^tm^-fh^^b. ^(D^mz^tm^^mftn 
i^^tm^my.y^mmm^zii.hhmmM'^^oym 

\^^^bimLxts:h;ibimib-t^ti'^mwm 
a. 

[11*^2 4 3 m.<Dwm^:mx.fzm<m\i^b . mm 
Mib^j:hW!^x\ ms\m^b^£hw^^^mmcmw 
20 xmh^Lm^^b. zmm:\^mfl■tmm^ 
^xxm^zmm^^^h'^msL^nb. mm 

»rEHl*lt»iraiEB$ai.-i^fwv-<:5'o*yi:, 
^' p* y-C-i^ai $ii7t^rt#E*»felri*j##jSiO 

mfimwin^-tmmmmmmmb . 
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t ^zm^^h'm.^WLb i^m l-c^i. ^ b ^mib 
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[000 1] 
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50 [ 0 0 0 6 1 (1) rt35^c^K«^^^S^tt^.{;:^$^t•l.^!l 
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[0007] mmm-k^j: i^x-mz h -mnmwm. 

[ 0 0 0 8 ] (2) ®}t<0^ilJt*ttT»4^r< . ^Wm<r> 

[00 09] (3) x%hm'}fts:\%\mm., 

[0010] «l«HC{±^ • gll*5-C'^-C*i 0 , tt!^ 
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[00121 (6) /JnM^o 
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#4 a i: 4 b comztmt ?>^^iPmm^m 5 ^: 

[00 391 ZcniolzLXmrnSSti^^lxi:: 
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[0040] (Xt;. zm<^m^. m:km ^mm^ 
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[004 1 ] -J-LT, Xt-;>& 1 2^?5A:^5gSrXt-* 
ffitt^El 5tjgg|t, v-^^-od^yi 3. l4<oai:^J 
«^A/D^MI16a, 1 6b^:n-LT^PBMMSt 

iti^s 1 7 ^zxts t . z (nsm&Mmmmmm 1 7 

i«O0iJ-C{i«-?H;A:S3a. 3b«Jlltil^t. vIWlHl*! 
■C<7ytORSt^|t6±-ri.RStjfP»J^J 1 9 Sr^«LT 
I.. 

[0042] ±iBm*^'^>W'5 i p zmx-mm 

mmktxmoZti}<^m^j:ti:m^4a, 4btj; 
t::xf-;!7 1 2^JfALTAXM'5r^ffiSr^$-li-S. 
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[0043] iRasgmB*q?itti. t , ^zTmrn^ 

[0044] fl!lR^«B*tc*jtW 1 izmz hlSimff>mi 
kLXii. 02 (a) I.Z7jktldl.z^M^l(^m^l>Z 
10 l^2 0A<4t?t'), 02 (b) 

g^(?)7L2 2 0,02 ( c ) tc^-r J; o 

f 1 *5^^tc:«Sr$ti. ^<rmmm 2 3 {c± 2 4 

[0045] zcr)mmx-Wi^'^mmBm<^m.^m 
hi^mm i^mmt iximumtmmmni 
M'samx-m^) x'hhzttph. mm.ff)mmzi£^ 

20 j)i.vMis?t02tc^-rm«ot>c3i-Cibo-ct«Jta 

[0046] 4-. 03(:^-rj:a{C, ^llrlESScTygM 

sssowEBi , 82 m^wmmx , U2 jiWTo 

i.O\Zt£h. 
[0047] 

[$fl] 

30 
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1 1 



J — sinxZ.. 



. S 

J — sin>tX- 
pc 



1 2 



(1) 



P, (W^&i^mm U,:^=FmSt (@=t*3£i|g®) 

CBfl^^SSgBf) u,:m^m& <^rt*^glS) 

, . 8 

Z 3ar 

i^T. i» =^P, +ac/j -^Pj 



-•. X - cositi + 



8 Ir 

— — [sinti + sinAr(i - 2ij)] 



ka 



7 o r-rC^in^-^' + sink{L - 2iJl 



(2) 



[0 04 9] L2 iO»til:^tC^l>Tft<*6*)CI5i0B-r 
[00 50] (1) i£7-'Jx^^c7)it^ 

[005 1]|15Wi^BrEHL=12in. ^BrSSiO 
t!iS*»^> 5 mi^fiMtCPgS 0 c mCOKm, ffi«?L 

[ 0 0 5 2 ] 05 ( a ) \mp^<r)'^m^<r)mwM 



gP^j£7-Ux^-fSt05 (e) , (f)i:^'), 

[0053] EfftL*<geaTj>s^i:3&>^>. fr*«ot 

^rfc, 05 (g) , (h)Ji05(e), (f) 

[ 0 0 5 4 ] (2) m.<nim^1i^ 
] 
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1 3 



jYi{x)Yj(_x)dx - 0 (/ ^ j) 



}7(x)-smi^ 
L 



^ {2) o&^mt 

1 



nm^^ 1 1-270800 

1 4 



(3) 



Imaf - - 



••(4) 



••(5) 



[00 55] * * [S:3] 



c c 

sm— — i -^Z- 

C . C ^ 

sin— ^14- sm — 

C C " 



X Jsin 



SIO 



■} ■■ 



(6) 



[ 0 0 5 6 J X ^m.^^. -^-^m^'^^fi-mx 

COB (x) •SrSajtl.. «tttCx, WmizB (x) CO/ 
775:f^Sfcs x= 0. x= L2 t=5:o!tfc&fi»t, 
it3S*ftWv:L, B (x) 3!?«<l?-j^fe. 
>Lts:h. W^^UtmssX:hhZ.tii->h'm.. x= Of 
ttSri^ort(iBB^,*>t'J)-i.::t*»f., x*0 WJI-f 
'?-<7)tl'<?)x*12'i=S«{aSi:=5rl.. 



5S [ 0 0 5 7 3 ^rfc. 0 1 tS^-r J: P a , 3 

b(0BSSS:afC;^f-;<?12^-7-f7D*yi3. 1 

hoiji)mtt?>> me^zTf^-txoiz, ^t&'s<7W^ 

[00 58] 2-y<r)m:k.tk3ei. 3b*^^ 



07/08/2003, EAST Version: 1.03.0002 



(9) 



1 5 



im^?-! 1 

1 6 



2 70800 



T^fttL-CV^Si: , ^(2) T^Lt:mfS<7im^(0^izit * 10 0 5 91 




cosXri, y^sinftt, 



I 0 



c 



2 



2 Sjr 



i 'ft) 



(7) 



[0060] L-/;;*«-?T. M 1 tin-f i o (C. ^HS^f. 
oli 0 3 a , 3 b (7)IHMF^t#OR»f ^KittS 

[ 0 0 6 1 ] 07 tCJiWJW^2<0^!fi?g«tfill.ie 

[0062] miiziri-tmmTii. t rto^rasawi: 

A/D^Sil6a. 1 6b«oa!:>3$:ffii:fflraa 

i+ii^B2 5 V yjvi':^mmmimmm 2 6 
I.. 

[00 6 3] ■t'S:*)*), ia8{c^-t<J:^'2r#iJiKISI5 5: 
h^Mvr (gfi^ra) (il29 (a) *TPi <r)i.=i 

/c (c i^^gjs^swar) Thi>, 'm. ^<r>^ 
m-hh. *fa-c-s«^i.#js<7)^stco(,^{i-r09 

(a) ttiTPz <0j:-3tc^r§. 



[0064] L/'^T&^'oT, fflSffiRI3!PiCJ:0, EllO 
i,Z7f&iiO^£2^!Si^mm^Wi& (AT= TP2 -T 

Pi ) immx'ti><nx\ ^<m3mkz^^ti^ 

[0065] ^(nm^Z^hm^mmS.! 1 at-Ji. ffl 

[0066] ^£h. m 1 1 IcS^-t J: o^s'rf^Uti^hhm 
ftCOV-iTtLt, La , LA<fSt^T-S>&C:i:*^^>ii'S 

[00671 01 2C{i2fs:^Hflco||3cO^SSJ^©tC«& 

mmi tm-m^W)m-Vf^x'^s^fix\^h, u 

[00681 :i(m\,z^tm.l ibT'Ji, ;^fcr-;^i 

[00691 mHi.wmimi.zi. ^^m.t<m,mti 
i\ awmmn/iztizirMrfmi^hmix. -ew 
mm'^^mmx'Km-i, ^zx\ z<7)m^zi^,m 
^ 50 a 1 1 b xu9ccr>m^imi,z ifctf^r,x^Knmmrj: 
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[0070101 3<c{±@i 1 2 \.z^.Ltz^mz\ mmm. 

^12in, □@6 0cm, ^BrES«0£S*^^)Li =3 

[007 1 ] %wnm,m-f<m^xhh, 
[0 0 7 2] (1) ly^m-Yifim-thSh-mmL 

[ 0 0 7 3 ] (2) wmim.m-^xmhixrzm^<n 

[ 0 0 7 4 ] la 1 3l=i3V^T . X{i:^Sf|E|i]iO«*»^. 
^Hd 1 8 . 1 S mX'h "3 . ^aSr 3 4 0 m/s 

St. Li =3. 07mi::5r'). m^mzmmMm 
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(57) 

[ABSTRACT] 

[PROBLEM TO BE SOLVED] 

Pipe arrangement diagnosis method which can begin to find lay of the break-down point where there is 
pipe arrangement to intend for in pipe arrangement in the case of empty pipe in a little measuring point 
number in a short time, pipe arrangement diagnosis apparatus and pipe arrangement arrangement 
belonging to is provided. 
[SOLUTION] 

Property of acoustic wave in pipe is measured from sound pressure in pipe detected with microphone 
13,14 of the couple which both ends are estranged in reflector 4a of sound, generation of acoustic wave 
measure 12,15 generating acoustic wave in diagnosis interval 5 partitioned off in 4b artificially and 
diagnosis interval 5 with pipe arrangement 1 suffering fi-om diagnosis object, and is disposed and these 
microphone 13,14, pipe arrangement broken part calculating means 16a, 16b which, at a minimum, 
calculate lay of pipe arrangement broken part from measured property, 17,18 are comprised. 



[WHAT IS CLAIMED IS :] 
[Claim 1] 

Pipe arrangement diagnosis method; wherein; Fate, both ends of this diagnosis interval are partitioned 
off in reflector of sound in pipe arrangement suffering from diagnosis object between diagnosis wards, 
acoustic wave is generated in above diagnosis interval artificially, this acoustic wave is detected in 
microphone of the couple which it is estranged in above diagnosis interval, and is disposed, property of 
acoustic wave in pipe is measured from sound pressure in pipe detected in these microphone , at a 
minimum, lay of pipe arrangement broken part is calculated from measured property. 
[Claim 2] 

Pipe arrangement diagnosis method; according to claim 1 wherein; Said acoustic wave is generated at 
the full-fledged aide side of said diagnosis interval artificially, each disposes above microphone both 
ends around above diagnosis interval. 
[Claim 3] 

Pipe arrangement diagnosis method; according to claim 1 wherein; A property of acoustic wave in said 
pipe is measured, if lay of pipe arrangement broken part is calculated from measured property at least, it 
is done case, and access transfer function in pipe is measured from sound pressure in pipe detected in 
above microphone, real number department and imaginary part k of access transfer function in this pipe 
are used, and, at a minimum, lay of above pipe arrangement broken part is calculated. 
[Claim 4] 

Pipe arrangement diagnosis method; according to claim 1 wherein; A property of acoustic wave in said 
pipe is measured, if lay of pipe arrangement broken part is calculated from measured property at least, it 
is done case, and access impulse response function in pipe or cross-correlation function is measured 
from sound pressure in pipe detected in above microphone , at a minimum, lay of above pipe 
arrangement broken part is calculated from component due to reflected wave producing this 
instrumentation data in above pipe arrangement broken part in group. 
[Claim 5] 

Pipe arrangement diagnosis method; according to claim 4 wherein; A property of acoustic wave in said 
pipe is measured, if lay of pipe arrangement broken part is calculated from measured property at least, it 
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is done case, and acoustic wave of single frequency activating primary resonance mode of pipe size 
direction fixed in aperture of above pipe arrangement in above diagnosis interval of above pipe 
arrangement is generated artificially. 
[Claim 6] 

Pipe arrangement diagnosis method; according to claim 4 wherein; A property of acoustic wave in said 
pipe is measured, if lay of pipe arrangement broken part is calculated fi-om measured property at least, it 
is done case, and resonance frequency of above pipe arrangement is identified, acoustic wave of this 
resonance frequency is generated artificially. 
[Claim 7] 

Pipe arrangement diagnosis method; according to claim 1 wherein; A property of acoustic wave in said 
pipe is measured, if lay of pipe arrangement broken part is calculated fi-om measured property at least, 
when it is done case, and above pipe arrangement is buried by subsurface, a subsurface cave point is 
estimated firom resonance fi"equency produced by means of subsurface cave produced in perimeter of 
broken part , at a minimum, lay of pipe arrangement broken part is calculated. 
[Claim 8] 

Pipe arrangement diagnosis method; according to claim 1 wherein; A pipe arrangement interior suffering 
from said diagnosis object uses gate seating action valve installed as above reflector in the event of 
empty aqueduct pipe for parenchyma by above aqueduct pipe, factor offered in evolution of artificial 
above acoustic wave and above microphone are disposed in above diagnosis interval through fire 
hydrant installed by above aqueduct pipe. 
[Claim 9] 

Pipe arrangement diagnosis method; according to claim 8 wherein; In said fire hydrant, echo control 
factor controlling echo of sound in this fire hydrant is loaded. 
[Claim 10] 

Pipe arrangement diagnosis method; wherein; Fate, both ends of this diagnosis interval are partitioned 
off in reflector of sound in pipe arrangement suffering from diagnosis object between diagnosis wards, 
gas having appointed pressure is generated in above diagnosis interval, the emanation acoustic wave 
which occurred from pipe arrangement broken part by means of this gas pressure is detected in 
microphone of the couple which it is estranged in above diagnosis interval, and is disposed, property of 
acoustic wave in pipe is measured from sound pressure in pipe detected in these microphone , at a 
minimum, lay of pipe arrangement broken part is calculated from measured property. 
[Claim 11] 

Pipe arrangement diagnosis method; according to claim 10 wherein; Said microphone is arranged both 
ends aroimd said diagnosis interval respectively. 
[Claim 12] 

Pipe arrangement diagnosis method; according to claim 10 wherein; A property of acoustic wave in said 
pipe is measured, if lay of pipe arrangement broken part is calculated fi-om measured property at least, it 
is done case, and access transfer function in pipe is measured from sound pressure in pipe detected in 
above microphone, access transfer function in this pipe is used, and, at a minimum, lay of above pipe 
arrangement broken part is calculated. 
[Claim 13] 

Pipe arrangement diagnosis method; according to claim 10 wherein; A pipe arrangement interior 
suffering from said diagnosis object uses gate seating action valve installed as above reflector in the 
event of empty aqueduct pipe for parenchyma by above aqueduct pipe, part of factor generating above 
gas pressure in above diagnosis interval and above microphone are disposed in above diagnosis interval 
through fire hydrant installed by above aqueduct pipe. 
[Claim 14] 

Pipe arrangement diagnosis method; wherein; Fate, both ends of this diagnosis interval are partitioned 
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off in compartment body in pipe arrangement suffering from diagnosis object buried underground 
between diagnosis wards, gas having appointed pressure is generated in above diagnosis interval, 
emanation acoustic wave occurring from pipe arrangement broken part by means of this gas pressure is 
detected in emanation sound detection sensor through above pipe arrangement, and, at a minimum, 
surface of the earth jolt detection sensor of couple is disposed in grade, each removes hum sign without 
a relation in mutual correlation aftertreatment with sign provided in above emanation sound detection 
sensor from output signal of these surface of the earth jolt detection sensor, a jolt in ten city of the above 
emanation acoustic wave which the twin sign which passed through this aftertreatment is used, and reach 
grade is demanded , at a minimum, lay of pipe arrangement broken part is calculated from this jolt in ten 
city. 

[Claim 15] 

In; Apparatus for an interior to diagnose empty pipe arrangement substantially; Pipe arrangement 
diagnosis apparatus; wherein; The generation of acoustic wave measure which generates acoustic wave 
in the diagnosis interval which both ends are reflector of sound, and was partitioned off in pipe 
arrangement becoming diagnosis object artificially, The a pair of microphone which it is estranged in 
said diagnosis interval, and is disposed, These measure property of acoustic wave in pipe from sound 
pressure in pipe detected in microphone, a pipe arrangement broken part calculating means, at a 
minimum, to calculate lay of pipe arrangement broken part from measured property is comprised, and it 
is. 

[Claim 16] 

Pipe arrangement diagnosis apparatus; according to claim 15 wherein; Said pipe arrangement broken 
part calculating means measures access transfer fimction in pipe from sound pressure in pipe detected in 
said microphone, real number department and imaginary part k of access transfer function in this pipe 
are used, and, at a minimum, lay of above pipe arrangement broken part is calculated. 
[Claim 17] 

Pipe arrangement diagnosis apparatus; according to claim 15 wherein; Said pipe arrangement broken 
part calculating means measures access impulse response fiinction in pipe or cross-correlation function 
from sound pressure in pipe detected in said microphone , at a minimum, lay of above pipe arrangement 
broken part is calculated from component due to reflected wave producing this instrumentation data in 
above pipe arrangement broken part in group. 
[Claim 18] 

Pipe arrangement diagnosis apparatus; according to claim 15 wherein; Said generation of acoustic wave 
measure generates acoustic wave of single frequency activating primary resonance mode of pipe size 
direction fixed in aperture of above pipe arrangement in said diagnosis interval of said pipe arrangement, 
an above pipe arrangement broken part calculating means measures access impulse response fiinction in 
pipe or cross-correlation fimction from sound pressure in pipe detected in above microphone , at a 
minimum, lay of above pipe arrangement broken part is calculated from component due to reflected 
wave producing this instrumentation data in above pipe arrangement broken part in group. 
[Claim 19] 

Pipe arrangement diagnosis apparatus; according to claim 15 wherein; Said generation of acoustic wave 
measure identifies resonance frequency of said pipe arrangement, acoustic wave of this resonance 
frequency is generated in above diagnosis interval, an above pipe arrangement broken part calculating 
means measures access impulse response fimction in pipe or cross-correlation fiinction from sound 
pressure in pipe detected in above microphone , at a minimum, lay of above pipe arrangement broken 
part is calculated from component due to reflected wave producing this instrumentation data in above 
pipe arrangement broken part in group. 
[Claim 20] 

Pipe arrangement diagnosis apparatus; according to claim 15 wherein; When said pipe arrangement is 
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buried underground, said pipe arrangement broken part calculating means estimates a subsurface cave 
point from resonance frequency produced by means of a hollow formed by perimeter of broken part , at 
a minimum, lay of pipe arrangement broken part is calculated. 
[Claim 21] 

In; Apparatus for an interior to diagnose empty pipe arrangement substantially; Pipe arrangement 
diagnosis apparatus; wherein; The gas pressure evolution measure which generates gas having appointed 
pressure in the diagnosis interval which both ends are reflector of sound, and was partitioned off in pipe 
arrangement becoming diagnosis object, Microphone of couple detecting the emanation acoustic wave 
which it is estranged in said diagnosis interval, and it is disposed, and occurred from pipe arrangement 
broken part by means of said gas pressure, These measure property of acoustic wave in pipe from sound 
pressure in pipe detected in microphone, a pipe arrangement broken part calculating means, at a 
minimum, to calculate lay of pipe arrangement broken part from measured property is comprised, and it 
is. 

[Claim 22] 

Pipe arrangement diagnosis apparatus; according to claim 21 wherein; Access transfer function in pipe is 
measured from sound pressure in pipe detected in said pipe arrangement broken part calculating means 
and said microphone, access transfer function in this pipe is used, and, at a minimum, lay of above pipe 
arrangement broken part is calculated. 
[Claim 23] 

In; Apparatus for an interior to diagnose empty pipe arrangement substantially which is buried 
undergroimd; Pipe arrangement diagnosis apparatus; wherein; The gas pressure evolution measure which 
generates pneumatics in the diagnosis interval that both ends were partitioned off by means of partition 
body in pipe arrangement becoming diagnosis object, The emanation sound detection sensor which 
detects emanation acoustic wave occurring from pipe arrangement broken part by means of said gas 
pressure through above pipe arrangement. The at least a pair of surface of the earth jolt detection sensor 
which are disposed by grade. The measure which removes hum sign without a relation in mutual 
correlation aftertreatment with sign provided in said emanation sound detection sensor from output 
signal of these surface of the earth jolt detection sensor respectively, A jolt in ten city of above 
emanation acoustic wave reaching grade by means of the twin sign which passed through treatment by 
this measure is demanded, a pipe arrangement broken part calculating means, at a minimum, to calculate 
lay of pipe arrangement broken part from this jolt in ten city is comprised, and it is. 
[Claim 24] 

An arrangement with pipe arrangement; wherein; The main body of arrangement comprising various 
pipe arrangement. The compartment measure which partitions off diagnosis interval and both ends in 
reflector of sound in pipe arrangement becoming diagnosis object. The generation of acoustic wave 
measure which generates acoustic wave in diagnosis interval partitioned off in this measure artificially. 
The a pair of microphone which it is estranged in said diagnosis interval, and is disposed. These measure 
property of acoustic wave in pipe from sound pressure in pipe detected in microphone, a pipe 
arrangement broken part calculating means, at a minimum, to calculate lay of pipe arrangement broken 
part from measured property, A management means to make said compartment measure and said sound 
generator measure and an above pipe arrangement broken part calculating means are used, and carry out 
pipe arrangement broken part probe action so that appointed time gets up is comprised, and it is. 



[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 
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[TECHNICAL FIELD OF THE INVENTION] 

The present invention relates to pipe arrangement diagnosis method which established the principal 
objective to investigating a break-down point of pipe arrangement, pipe arrangement diagnosis apparatus 
and pipe arrangement arrangement belonging to. 
[0002] 

[PRIOR ART] 

Like common knowledge, Many of aqueduct conduit run are buried underground. Because of this. When 
aqueduct pipe was damaged by means of earthquake, it is very difficult that probe ensures the broken 
part that is a leakage point, and it is with factor delaying early stage reinstatement. 
[0003] 

In a place, There are things using alteration such as a thing, hydraulic pressure, gas, air, sound, discharge 
using a thing using a probe radar for art investigating a leakage point of such an aqueduct pipe out of the 
ground, TV camera. 
[0004] 

However, Because these art is not the things which assumed earthquake accident, there are many things 

which, by way of example only, cannot be applied to in earthquake accident. 

[0005] 

In other words, The reason is because there is constraint condition as shovra in the following in 

earthquake accident. 

[0006] 

(1) It is probe in an empty pipe condition without aqua inside. 
[0007] 

It is different from normal conduit run break-dovra happening in anticorrosion in dimensions at the time 
of suffering, and aqua is in a condition of sky pipe v^thout blow down, aqua at a stretch from a 
break-dovm point. 
[0008] 

(2) As well as presence of break-down, it must be investigated to lay of a break-down point. 
[0009] 

(3) The number of as possible a little measuring point. 
[0010] 

Crack / faulting is enacted in grade, when instrumentation from grade is difficult, there is. (4) Short 

measurement time (to establishment / instrumentation / demobilization). 

[0011] 

(5) Addition arrangement of fewest gen. 
[0012] 

(6) It is small and light. 
[0013] 

(7) Effect of a puddle in local pipe by pipe arrangement upper and lower undulation department is 
consideration, too. 

[0014] 

(8) What can be applied to bifiircation as well as straight pipe. 
[0015] 

Because there is such a constraint condition, because, by way of example only, in this technique, it is 
measured from grade when a thing using conventional underground probe radar is taken as example, (3) 
It is difficuh to satisfy no condition, and a change of bed influences, it is difficult to estimate a 
break-down point in the underground. On the other hand. Air is injected in pipe arrangement, when the 
art which investigated break-down from alteration of air capacity was taken as example, break-down was 
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only the art which investigated the presence that there was in the interval this to the last, and the specify 

of break-down lay was impossible. 

[0016] 

At the time of Great Hanshin Earthquake, aqua is poured into the aqueduct pipe which was in a 
condition of empty pipe instead of air, it makes leak water daringly from a break-down point, while an 
investigator listens to leakage acoustic wave created by means of it all over the ground from the surface 
of the earth, the method which investigated a leakage point was picked. 
[0017] 

However, In this approach, time and labor were needed in emergency for reasons of cannot but pick 
mass demonstration tactics aqua was put in thing in need of aqua, the investigator who was an expert of 
whom only leakage sound was heard from ambient environment noise, and was divided being 
requirement, aqueduct pipe of nothing one, and to listen to sound. In addition. There is art pouring 
smoke and helium gas, but, there is not despite being just right from safety face, hygiene face for pipe 
arrangement such as for example aqueduct pipe. 
[0018] 

[PROBLEM TO BE SOLVED BY THE INVENTION] 

Like statement above, It was bought whether pipe arrangement to intend for was predetermined pressure 
in prior art:, it must be filled with water, and presence of break-down is understood, but, calculation is 
impossible to a break-down point, and it is hung from grade for several hours to find to a break-down 
point, and it must be measured, and time is needed in preparation, and there is much constraint 
condition, there was the issue which cannot be applied to in earthquake accident. 
[0019] 

In there. It is for the purpose of providing pipe arrangement diagnosis method which the pipe 
arrangement that the present invention intends for can begin to find lay of the break-down point that 
there is in pipe arrangement in the case of empty pipe in a little measuring point number in a short time, 
pipe arrangement diagnosis apparatus and pipe arrangement arrangement belonging to. 
[0020] 

[MEANS TO SOLVE THE PROBLEM] 

In pipe arrangement diagnosis method concerning the first invention of the present invention, fate, both 
ends of this diagnosis interval are partitioned off in reflector of sound in the pipe arrangement that it is in 
diagnosis object between diagnosis wards to achieve the object, acoustic wave is generated in the 
diagnosis interval artificially, this acoustic wave is detected in microphone of the couple which it is 
estranged in the diagnosis interval, and is disposed, property of acoustic wave in pipe is measured from 
sound pressure in pipe detected in these microphone , at a minimum, lay of pipe arrangement broken 
part is calculated from measured property. 
[0021] 

In addition. When an approach concerning the first invention is adopted, the acoustic wave is generated 
at the fiiU-fledged aide side of the diagnosis interval artificially, it is desirable for both ends around 
diagnosis interval that each disposes the microphone. 
[0022] 

In addition. When an approach concerning the first invention is adopted, property of acoustic wave in 
the pipe is measured, if, at a minimum, lay of pipe arrangement broken part is calculated from measured 
property, it saishi, and access transfer fiinction in pipe is measured from sound pressure in pipe detected 
in the microphone, real number department and imaginary part k of access transfer fimction in this pipe 
are used, and lay of the, at a minimum, pipe arrangement broken part may be calculated, and access 
impulse response function in pipe or cross-correlation fimction is measured from sound pressure in pipe 
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detected in the microphone, lay of the, at a minimum, pipe arrangement broken part may be calculated 
from component due to reflected wave producing this instrumentation data in the pipe arrangement 
broken part in group. In addition, When the latter is adopted, acoustic wave of single frequency 
activating primary resonance mode of pipe size direction fixed in aperture of the pipe arrangement in the 
diagnosis interval of the pipe arrangement may be generated artificially, and resonance frequency of the 
pipe arrangement is identified to a countersunk head, acoustic wave of this resonance frequency may be 
generated artificially. 
[0023] 

In addition. When an approach concerning the first invention is adopted, a pipe arrangement interior 
becoming the diagnosis object uses gate seating action valve installed as the reflector in the event of 
empty aqueduct pipe for parenchyma by the aqueduct pipe, it is desirable for evolution of the artificial 
acoustic wave to dispose offered factor and the microphone in the diagnosis interval through fire hydrant 
installed by the aqueduct pipe. For this case, In the fire hydrant, it is desirable to load echo control factor 
preventing echo of sound in this fire hydrant. 
[0024] 

In pipe arrangement diagnosis method concerning the second invention of the present invention, fate, 
both ends of this diagnosis interval are partitioned off in reflector of sound in the pipe arrangement that 
it is in diagnosis object between diagnosis wards to achieve the object, gas pressure having appointed 
pressure is generated in the diagnosis interval, the emanation acoustic wave which occurred from pipe 
arrangement broken part by means of this gas pressure is detected in microphone of the couple which it 
is estranged in the diagnosis interval, and is disposed, property of acoustic wave in pipe is measured 
from sound pressure in pipe detected in these microphone , at a minimum, lay of pipe arrangement 
broken part is calculated from measured property. 
[0025] 

In addition, When an approach concerning this the second invention is adopted, it is desirable for both 

ends around diagnosis interval that each disposes the microphone. 

[0026] 

In addition, When an approach concerning the second invention is adopted, a property of acoustic wave 
in pipe is measured, if, at a minimum, lay of pipe arrangement broken part is calculated from measured 
property, it is done case, and access transfer fimction in pipe is measured from sound pressure in pipe 
detected in the microphone, preferred access transfer function in this pipe is used, and calculating lay of 
the, at a minimum, pipe arrangement broken part. 
[0027] 

In addition, When an approach concerning the second invention is adopted, a pipe arrangement interior 
becoming the diagnosis object uses gate seating action valve installed as the reflector in the event of 
empty aqueduct pipe for parenchyma by the aqueduct pipe, it is desirable to dispose part of factor 
generating gas pressure in the diagnosis interval and the microphone in the diagnosis interval through 
fire hydrant installed by the aqueduct pipe. 
[0028] 

Fate, both ends of this diagnosis interval are partitioned off in compartment body in the pipe 
arrangement that it is in diagnosis object buried in pipe arrangement diagnosis method concerning the 
third invention of the present invention by subsurface between diagnosis wards to achieve the object, gas 
having appointed pressure is generated in the diagnosis interval, emanation acoustic wave occurring 
from pipe arrangement broken part by means of this gas pressure is detected in emanation sound 
detection sensor through the pipe arrangement, and, at a minimum, surface of the earth jolt detection 
sensor of couple is disposed in grade, each removes hum sign without a relation in mutual correlation 
aftertreatment with sign provided in the emanation sound detection sensor from output signal of these 
surface of the earth jolt detection sensor, a jolt in ten city of the emanation acoustic wave which the twin 
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sign which passed through this aftertreatment is used, and reach grade is demanded , at a minimum, lay 

of pipe arrangement broken part is calculated from this jolt in ten city. 

[0029] 

Pipe arrangement diagnosis apparatus concerning invention of the fourth of to achieve in above object 
present invention comprises generation of acoustic wave measure to generate in artificially in diagnosis 
interval partitioned off in reflector of the pipe arrangement which it is in diagnosis object both ends 
sound acoustic wave, microphone of the couple which it is estranged in diagnosis interval, it is disposed 
and a pipe arrangement broken part calculating means to calculate in lay of, at a minimum, from the 
property which it is measured in property of acoustic wave in sound pressure in pipe detected in these 
microphone pipe, it is measured pipe arrangement broken part. 
[0030] 

In addition. In pipe arrangement diagnosis apparatus concerning this the fourth invention, pipe 
arrangement broken part calculation formula assuming that it can be adopted in pipe arrangement 
diagnosis method concerning the first invention, generation of acoustic wave measure range can adopt 
establishment formula of microphone. 
[0031] 

Pipe arrangement diagnosis apparatus concerning invention of the fifth of to achieve in above object 
present invention comprises gas pressure evolution measure to generate in gas having pressure to be 
appointed in diagnosis interval partitioned off in reflector of the pipe arrangement which it is in 
diagnosis object both ends sound, microphone of couple to detect in the emanation acoustic wave which 
it occurred from gas pressure pipe arrangement broken part and a pipe arrangement broken part 
calculating means to calculate in lay of, at a minimum, from the property which it is measured in 
property of acoustic wave in sound pressure in pipe detected in these microphone pipe, it is measured 
pipe arrangement broken part. 
[0032] 

In addition, In pipe arrangement diagnosis apparatus concerning this the fifth invention, pipe 
arrangement broken part calculation formula assuming that it can be adopted in pipe arrangement 
diagnosis method concerning the second invention, generation of acoustic wave measure range can 
adopt establishment formula of microphone. 
[0033] 

Pipe arrangement diagnosis apparatus concerning invention of the sixth of to achieve in above object 
present invention comprises gas pressure evolution measure to generate in gas having pressure to be 
appointed in diagnosis interval partitioned off by means of the pipe arrangement which it is in diagnosis 
object both ends compartment body, emanation sound detection sensor to detect through pipe 
arrangement in emanation acoustic wave to occur from gas pressure pipe arrangement broken part, 
surface of the earth joh detection sensor of it is disposed in grade, at a minimum, couple, measure to 
remove hum sign without sign provided in emanation sound detection sensor from output signal of these 
surface of the earth jolt detection sensor relation mutual correlation aftertreatment each and a pipe 
arrangement broken part calculating means to calculate in lay of, at a minimum, from a ten city in jolt 
this pipe arrangement broken part. 
[0034] 

An arrangement with pipe arrangement concerning the seventh invention of the present invention 
comprises arrangement body comprising various pipe arrangement, compartment measure partitioning 
off diagnosis interval and both ends in reflector of sound in the pipe arrangement that it is in diagnosis 
object, generation of acoustic wave measure generating acoustic wave in diagnosis interval partitioned 
off in this measure artificially, microphone of the couple which it is estranged in the diagnosis interval, 
and is disposed, a pipe arrangement broken part calculating means, at a minimum, to calculate lay of 
pipe arrangement broken part from the property which property of acoustic wave in pipe is measured, 
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and is measured by sound pressure in pipe detected in these microphone, and the management means to 
make it is partitioned off, and measure and the sound generator measure and the pipe arrangement 
broken part calculating means are used, and carry out pipe arrangement broken part probe action so that 
appointed time gets up. 
[0035] 

[MODE FOR CARRYING OUT THE INVENTION] 

As follows, An embodiment of invention is explained when read in conjunction with the accompanying 

drawings. 

[0036] 

A conception diagram when break-down lay of subsurface undergrounding aqueduct pipe becoming 
empty pipe for earthquake accident is investigated with pipe arrangement diagnosis apparatus 1 1 
concerning the first embodiment of the present invention is shown in FIG. 1 . 
[0037] 

In other words. In the figure above, 1 shows aqueduct pipe buried underground, 2 shows grade, 3 a, 3 b 

show fire hydrant connected to aqueduct pipe 1, 4a, 4b show a metal gate-valve. 

[0038] 

When pipe arrangement that is aqueduct pipe is diagnosed by means of pipe arrangement diagnosis 
apparatus 11, at first aqueduct pipe 1 that it is is chosen as diagnosis object, diagnosis interval 5 is set to 
aqueduct pipe 1 chosen next. Control set of this diagnosis interval 5 is done by means of closing 
gate-valve 4a, 4b. In other words, The division which is located between gate-valve 4a and 4b in 
aqueduct pipe 1 becomes diagnosis interval 5. Gate-valve 4a, lay to arrange of 4b are usually described 
t by aqueduct pipe undergrounding geographical map. Therefore, Distance of tube axis direction of 
diagnosis interval 5 can be known from these. Of course. It is measured, and it can be known. 
[0039] 

In this way, If diagnosis interval 5 was set, fire hydrant 3a, 3b connected between in a neighborhood of 
gate- valve 4a, 4b and gate-valve 4a, 4b are chosen. And, Valves installed in fire hydrant 3 a, head of 3 b 
are detached, and it is done only to a drum trunk. 
[0040] 

Next, For the case this example, small loud speaker 12 and small microphone 13 are disposed in 
aqueduct pipe 1 through a drum trunk of fire hydrant 3a. In addition, Small microphone 14 is disposed in 
aqueduct pipe 1 through a drum trunk of fire hydrant 3b. 
[0041] 

And, Input end of loud speaker 12 is connected to loud speaker drive assembly 15, A/D converter 16a, 
16b are gone through, and output end of microphone 13,14 is input into access transfer function 
measuring device 17, horsepower of this access transfer function measuring device 17 is introduced into 
pipe arrangement broken part calculation apparatus 18. In addition. In this particular example, in each 
fire hydrant 3a, a drum trunk of 3b, echo control materials 19 preventing echo of sound in this drum 
trunk is filled. 
[0042] 

Diagnosis interval 5 partitioned off by means of gate-valve 4a, 4b which, in this particular example, 
diagnosis object can treat as hard wall namely complete reflecting wall for sound in aqueduct pipe 1 that 
it is is set so that it is found from the assembling, loud speaker 12 is interposed in this diagnosis interval 
5, and artificial acoustic wave is generated. Then, Sound pressure in diagnosis interval 5 is measured by 
means of microphone 13,14 which it is estranged in diagnosis interval 5, and disposed, access transfer 
function is measured from sign between two points, from way of travelling of acoustic wave in diagnosis 
interval 5, in 13,14 ken two microphone , at a minimum, lay of break-down point B is calculated. In 
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addition, Bulk of broken part B (configuration) can be known by determination if necessary 
[0043] 

When there is break-down point B, it is compared in the case of heaUhy pipe arrangement, and measured 

value varies from to because there is reflected wave there. 

[0044] 

For situation of break-down generated to aqueduct pipe 1 in earthquake accident, crack 20 produces in 
lap direction of aqueduct pipe 1 as shown in FIG. 2 (a), and bifurcation 2 1 connected to aqueduct pipe 1 
as shown in FIG. 2 (b) compromises from bottom, and aperture 22 for bifrircation aperture opens, and 
aqueduct pipe 1 is cut as shown in FIG. 2 (c) by complete, the condition that earth 24 leaves kabu to the 
cutting plane 23 is thought about. 
[0045] 

Is not controlled air of a pipe arrangement interior as for the acoustic wave to treat in this apparatus by 
class of pipe wall by being reaching plane wave (boundary frequency to spread in pipe arrangement as 
plane wave is fixed in pipe size) and even if there is obstruction such as an irregularity or earth of a pipe 
arrangement interior or even if pipe arrangement is the configuration which seems to undulate up and 
down or even if, in addition, it is situation of what re shown in FIG. 2 . lay of a break-down point can be 
calculated. 
[0046] 

Now, As shown in FIG. 3 , length of tube axis direction of diagnosis interval 5 is done with L, when 
there was aperture of rad a in pipe wall of L 2 no lay Z from right-side end wall of L , , diagnosis interval 
5 from left edge wall of diagnosis interval 5, left edge wall of diagnosis interval 5, sound pressure B B 
2 of right-side end wall of diagnosis interval 5 and particle velocity U j, U 2 /z^ seem to become equal to 
or less than. 
[0047] 

[EQUATION 1] 
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[0048] 

This equation (2) o signal processing distance L 2 o which is fixed in lay Z of aperture by doing is 

calculated. 

[0049] 

L 2 «o calculation method is explained concretely. 
[0050] 

(1) When inverse fourier did imaginary part k, for example, for the case inverse fourier , as shown in 
FIG. 4, two peak appears. L 2 o can count backward by substituting known pipe arrangement chief L 
because the second peak is the break-down point L 2 peak that it is similar, and / was kept. 
[0051] 

Result provided using experiment arrangement having the release access which dug up break-down 
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aperture of aperture SOcm, the outside circumference Im of break-do wn aperture is shown in lay of 5m 

in FIG. 5 from diagnosis interval L =12m, left edge wall of diagnosis interval. 

[0052] 

Observation data of real number region of access transfer function in pipe, FIG. 5 (b) are observation 
data of imaginary part k of access transfer function in pipe, and FIG. 5 (a) is equivalent to equation (2). 
It can be separated from in peak fixed by means of distance L 2 of peak and pipe arrangement chief L 

and the break-down aperture lay which are fixed only in FIG. 5 (with e) (f), pipe arrangement chief L 
when inverse fourier does FIG. 5 (v^th c) (d), imaginary part k when inverse fourier does real number 
region, two peak is calculated. 
[0053] 

Pipe arrangement length L is supposed by a thing by the chief that peak of the former lays pipes from a 
known thing and easy, break-down aperture lay can be counted backward from numerical value of the 
axis of abscissa which peak of balance appeared. In addition, Bulk of peak, equation (2) Break-down 
dimensions gets possible to be supposed from a pair of swords of bulk of peak qualitatively by varying 
from to by configuration of break-down aperture, bulk more. In addition, FIG. 5 (g) (h), FIG. 5 (e) (f), 
axis of abscissa were divided by pipe arrangement length L, and it was normalized. 
[0054] 

(2) It is calculated same as perpendicular condition 
[EQUATION 2] 
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[0055] 

[EQUATION 3] 



[0056] 

X is changed, B in changed condition (x) is calculated once once. When graph of B (x) is made in x, axis 
of ordinate in axis of abscissa, x =0, x = L 2 /'o satisfy perpendicular condition when it was, it is in zero 
besides durability, it in value B (x). When, from doing thing that pipe arrangement length L was clear as 
for owning value with natural, x =0 from a knovm thing, value was had besides x ♦ , 0, x at that time 
lays pipes, and it is damaged and is located. x = L 2 ga is damaged and, in that case of the above, it is 
located. 
[0057] 

In addition, When, as shown in FIG. 1 . loud speaker 12 and microphone 13,14 are disposed in pipe 
arrangement through fire hydrant 3a, a drum trunk of 3b, because a drum trunk can be considered to be 
bifiircation, way of travelling of sound varies from to by means of condition of head of the bifiircation. 
Even if, as shown in FIG. 6 , a point of bifurcation is closed, sound propagation varies from to by means 
of length La of branch connection. 
[0058] 

When there are two fire hydrant 3a, 3b as sound propagation road, equation (2) Sound pressure, equation 
of particle velocity become complicated in comparison with the straight pipe type which it appears, and 
hyoshi as follows. 
[0059] 

[EQUATION 4] 
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[0060] 

Therefore, When bifurcation that is echo control materials 19 preventing echo of sound in fire hydrant 
3a, a drum trunk of 3b is filled, and access is lost as shown in FIG. L model can be made simply. 
[0061] 

Pipe arrangement diagnosis apparatus 11a concerning the second embodiment of the present invention is 
shown in FIG. 7 . In this illustration, the functional units same as FIG. 1 are shovm in the same character. 
Therefore, Account of repeating division is omitted. 
[0062] 

In apparatus shown in FIG. L break-down lay is calculated from access transfer function in pipe, but , in 
apparatus concerning this example, A/D converter 16a, horsepower of 16b are introduced into 
cross-correlation function measuring device 25 or impulse response function measuring device 26, it 
makes horsepower of these measuring device is introduced into pipe arrangement broken part calculation 
apparatus 27, and calculate break-down lay. 
[0063] 

In other words, Pipe arrangement having diagnosis interval 5 as shown in FIG. 8 , it is in tee P j noyou 

out of FIG. 9 (a) timing to receive at the same left edge (receipt of letter time) when it makes, by way of 
example only, send acoustic wave (plane wave) in aqueduct pipe 1 from the left edge of diagnosis 
interval 5. From receiving the acoustic wave which the beginning reflects back receipt of letter time 0 in 
pipe arrangement broken part Z then subsequently because acoustic wave dispatch lay and a destination 
location are approximately equal, and come back, that time, 2L j /C (C:) It is acoustic velocity) 

spreading in air. The acoustic wave reflects back next at the left edge, it is the acoustic wave which it is 
reflected back in pipe arrangement broken part again, and come back. It is the acoustic wave which the 
next reflects back in the right-side end of diagnosis interval 5, and return. It dies in time of acoustic 
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wave to receive in the right-side end carelessly, and tee P ^ noyou is become out of FIG. 9 (a). 
[0064] 

Therefore, Because, by mutual correlative aftertreatment, acoustic wave time of concentration difference 
between two points as shown in FIG. 10 ( t j!i tee = tee P j -TP j) can be observed, lay of pipe 

arrangement broken part can be counted backward fi-om time difference depending upon pipe 

arrangement broken part. 

[0065] 

In pipe arrangement diagnosis apparatus 1 la concerning this example, the time ♦ ji tee is measured by 
cross-correlation function (or, impulse response function), it makes calculate lay of pipe arrangement 
broken part B by means of this. 
[0066] 

In addition, Lt, La, L get possible to determine time difference depending upon pipe arrangement broken 
part from a known thing about pipe arrangement having branch connection as shown in FIG. 11 . it 
counts backward, and lay of pipe arrangement broken part can be calculated 
[0067] 

Pipe arrangement diagnosis apparatus lib concerning the third embodiment of the present invention is 
shown in FIG. 12. In this illustration, FIG. 1 and the functional units same as FIG. 7 are shown in the 
same character. Therefore, Account of repeating division is omitted. 
[0068] 

In apparatus 1 lb concerning this example, primary resonance mode in pipe fixed in aperture of pipe 
arrangement of diagnosis interval 5 that is aqueduct pipe 1 from loud speaker 12 generates acoustic 
wave of the single frequency which excels in. In comparison with normal pipe arrangement without 
break-dovm, because symmetry collapses when there is break-down, it depends, and it is easy to come to 
oscillate, the mode appears more conspicuously than normal time. 
[0069] 

In the one's area of jurisdiction, standing wave is dominant by a resonance phenomenon, but, because 
symmetry collapsed, an outcome, the wave reflect back progressive wave component in pipe 
arrangement broken part. In there. Former basic principle is obeyed in apparatus 1 lb concerning this 
example, and lay of pipe arrangement broken part is calculated by mutual correlation aftertreatment 
[0070] 

In technique shown in FIG. 12 in FIG. 13 . the tested result which a diameter uses pipe arrangement 
having break-down aperture of 5cm, and calculate lay of pipe arrangement broken part is shown in lay of 
L J =3m from diagnosis interval 12m, aperture 60cm, the left edge of diagnosis interval. 
[0071] 

Experiment method is as follows. 
[0072] 

(1) The single frequency which primary resonance mode excels in is generated from one, access transfer 
function between two points of both sides is measured, inverse fourier does this, impulse response 
function of temporal axis is calculated. 

[0073] 

(2) From time of concentration of the reflected wave which appeared in existence of break-down 
aperture lay, break-down aperture lay (L j) is calculated. 

[0074] 

In FIG. 13 , X is reflected wave from the right-side end of diagnosis interval, and Y is reflected wave 
from break-down aperture. When time to Y assumed acoustic velocity 340m/s for 18.1 miliseconds, with 
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L , =3. 07m, right was able to almost calculate lay of a break-down aperture point. 
[0075] 

In addition. Although primary resonance mode in pipe is pipe size, and it is fixed, aperture varies from 
to on the way, and a one's area of jurisdiction transforms real pipe arrangement by secular change, and 
effect of branch connection in the way is received, and there is when just primary resonance mode 
cannot be calculated by calculation, 
[0076] 

As thus described when information of pipe arrangement is unknown, resonance frequency equivalence 
apparatus 28 is established as shown in two points of chain line within FIG. 1 2, till a one's area of 
jurisdiction sympathizes, fi-equency of acoustic wave is changed, frequency when it sympathized is 
identified. And, If acoustic wave is generated in the frequency some other time, and, at a minimum, by 
means of technique of following similar, lay of pipe arrangement broken part is calculated, it is 
preferable. 
[0077] 

In addition. Because water gushes out, at the time of suffering of earthquake, it is known to break-down 
point circumference at the point where a breakage is intense that it is possible for cave 30 as shown in 
FIG- 14 (a). In acoustic model, cave 30 can be treated for resonance articulator 3 1 as shown in FIG. 14 
(b). Therefore, If the resonance firequency which depended upon dimension of this resonance articulator 
31 appeared, it is found that cave 30 produces. By this. Damaged data is understood. Lay of a resonance 
articulator gets possible to be calculated by adding to the transfer matrix model who explained this 
resonance articulator model first, lay of a break-down point can be counted backward 
[0078] 

Pipe arrangement diagnosis apparatus 1 Ic concerning the fourth embodiment of the present invention is 
shown in FIG. 15. In this illustration, the functional units same as FIG. 1 are shown in the same 
character. Therefore, Account of repeating division is omitted. 
[0079] 

In each former example, acoustic wave is generated in diagnosis interval 5, but , in this particular 
example, instead of acoustic wave, pneumatics is poured with pneumatics injecting apparatus 32 in 
diagnosis interval 5, it makes pipe arrangement broken part B form imagination sound source by means 
of this impregnation. 
[0080] 

When this virtual sound source is used, sound pressure P P 2> particle velocity U |, U 2 o of right and 

left end of diagnosis interval 5 shown in FIG. 16 can be demanded from the following equation. Lay L j 

o of pipe arrangement broken part B can count backward in these being calculated as lay L j no function 

of pipe arrangement broken part B. 
[0081] 

[EQUATION 5] 
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[0082] 

In apparatus shown in FIG. 15 . branch connection and pipe arrangement undergrounding condition, pipe 
arrangement dimension need a known thing, but, there is branch connection, even if the number, an 
existence point, branch connection dimension are unfamiliarity, comparable can easily calculate lay of 
pipe arrangement broken part B. 
[0083] 

By way of example only, As shown in FIG. 17 , there are branch connection 33a, 33b and even if the 
branch connection 33a, 33b leave both ends, as far as known distance of 13,14 ken microphone of 2 to 
measure sound pressure of the imagination sound source which it is at a break-down point in pipe, and 
came, it is found propagation time difference from cross-correlation function to two microphone 13,14, 
it can count backward in lay of break-down point B. This is a correlation method to use in so-called 
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normal leakage detection, but, pipe seed is important, and a leakage point gets impossible to be 
estimated by intending for acoustic wave reaching pipe wall in that case of leakage detection when pipe 
seed is unknown, but, it is big advantage that is not controlled air in tube in pipe seed in technique 
shown in FIG. 15 by intending for reaching acoustic wave. 
[0084] 

When the acoustic velocity which a time difference tee and connection with lay of break-down point B 
calculated by mutual correlative aftertreatment and impulse response function reach in air is done with 
C, it is in equation equal to or less than. 
[0085] 

t I = L I /Ct 2 = L 2 /CT = 1 1 1 -t 2 I ... (9) Pipe arrangement diagnosis apparatus 1 Id concerning the fifth 
embodiment of the present invention is shovm in FIG. 18 . In this illustration, the functional units same 
as FIG. 15 are shown in the same character. Therefore, Account of repeating division is omitted. 
[0086] 

If it is with the sound source that pipe arrangement break-down point B is new by pneumatics 
impregnation to diagnosis interval 5, this acoustic wave goes through the underground, and the surface 
of the earth is reached. Therefore, Lay of pipe arrangement broken part B can be identified by measuring 
an in ten city of this acoustic wave (direction of flow of radiant energy of acoustic wave) on the surface 
of the earth. This apparatus 1 Id adopts the principle. 
[0087] 

In this apparatus 1 Id, emanation sound detection sensor 34 which, by way of example only, detect 
emanation acoustic wave occurring from pipe arrangement broken part B by means of impregnation of 
pneumatics on gate-valve 4a through aqueduct pipe 1 is established, and, at a minimum, dislodging 
establishes surface of the earth jolt detection sensor 35a of couple, 35b in a thing of aqueduct pipe 1 in 
consonance with path to arrange on in grade freely. And, Hum sign without a relation is removed in 
mutual correlation processing unit 36a, 36b with sign provided with emanation sound detection sensor 
34 from surface of the earth jolt detection sensor 35a, output signal of 35b, a jolt in ten city of the 
emanation acoustic wave which the twin sign which passed through this aftertreatment is used, and reach 
grade is demanded with operational equipment 37, it makes calculate lay of pipe arrangement broken 
part B with pipe arrangement broken part calculation apparatus 38 from a jolt in ten city demanded from. 
In addition, Out of FIG. 18 , 39 shows seal elements preventing air leakage. 
[0088] 

In addition, As for each example, diagnosis intends for aqueduct pipe buried underground, when 
earthquake accident was met with, there is de about the method which it is put, and diagnose and 
apparatus, but, the diagnosis apparatus, diagnosis apparatus using technique of sound particularly will be 
always installed in arrangement comprising various pipe arrangement (plant), the arrangement 
assembling which this diagnosis apparatus is operated in management system so that uniformity time 
gets up, and was able to diagnose pipe arrangement regularly may be adopted. 
[0089] 

[EFFECT OF THE INVENTION] 

As discussed above, According to the current invention, for example, empty pipe can contribute to yoika 
of break-down lay probe activity of the pipe arrangement which was in a condition in earthquake 
accident. 



[BRIEF DESCRIPTION OF DRAWINGS] 
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[ Fig 1 ] 

Outline block diagram of pipe arrangement diagnosis apparatus concerning the first embodiment of the 
present invention 
[ FIG. 2 ] 

Figure to show example of the pipe arrangement break-down which is easy to happen in earthquake 
accident in 

[ FIG. 3 ] 

Figure to explain action of the apparatus 
[ FIG. 4 ] 

Figure to explain break-down lay calculation action by the apparatus 
[ FIG. 5 ] 

Figure to explain break-down lay calculation action by the apparatus 
[ FIG. 6 ] 

Figure to explain break-down lay calculation action by the apparatus 
[ FIG. 7 ] 

Outline block diagram of pipe arrangement diagnosis apparatus concerning the second embodiment of 
the present invention 
[ FIG. 8 ] 

Figure to explain break-down lay calculation action by the apparatus 
[ FIG. 9 ] 

Figure to explain break-dovm lay calculation action by the apparatus 
[ FIG. 10 ] 

Figure to explain break-dovra lay calculation action by the apparatus 
[ FIG. 11 ] 

Figure to explain break-down lay calculation action by the apparatus 
[ FIG. 12 ] 

Outline block diagram of pipe arrangement diagnosis apparatus concerning the third embodiment of the 
present invention 
[ FIG. 13 ] 

Figure to explain break-down lay calculation action by the apparatus 
[ FIG. 14 ] 

Figure to explain break-down lay calculation action by the apparatus 
[ FIG. 15 ] 

Outline block diagram of pipe arrangement diagnosis apparatus concerning the fourth embodiment of 
the present invention 
[ FIG. 16 ] 

Figure to explain break-down lay calculation action by the apparatus 
[ FIG. 17 ] 

Figure to explain break-down lay calculation action by the apparatus 
[ FIG. 18 ] 

Outline block diagram of pipe arrangement diagnosis apparatus concerning the fifth embodiment of the 
present invention 

[DENOTATION OF REFERENCE NUMERALS] 

The aqueduct pipe which is pipe arrangement of one ... diagnosis object Two ... surface of the earth 3a, 
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3b ... fire hydrant The gate- valve which is considered to be rigid body for 4a, 4b ... sound Five ... 
diagnosis interval 1 1, 1 la, 1 lb, 1 Ic, 1 Id ... pipe arrangement diagnosis apparatus 12 ... loud speakers 
13,14 ... microphone 15 ... loud speaker drive assembly 16a, a 16b ... A/D converter 17 ... access transfer 
function measuring devices 18, 27, 38 ... pipe arrangement break-down point calculation apparatus 19 ... 
echo control materials 25 ... cross-correlation function measuring devices 26 ... impulse response 
function measuring devices 28 ... resonance frequency equivalence apparatus 32 ... pneumatics injecting 
apparatuses 34 ... emanation sound detection sensor 35a, 35b ... surface of the earth jolt detection sensor 
36a, 36b ... mutual correlative processing unit 37 ... operational equipment B ... pipe arrangement broken 
part 
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